Abstract-This paper attempts at applying adaptive network-based fuzzy inference system (ANFIS) for analysis of the resonant frequency of a microstrip rectangular patch antenna with two equal size slots which are placed on the patch vertically. The resonant frequency is calculated as the position of slots is shifted to the right and left sides on the patch. As a result , the antenna resonates at more than one frequency . Commonly, machine algorithms based on artificial neural networks are employed to recognize the whole resonant frequencies. However ,they fail to estimate the resonant frequencies correctly as in some cases variations are not very sensible and the resonant frequencies overlap each other . It can be concluded that artificial neural networks could be replaced in such designs by the adaptive network-based fuzzy Inference system due to its high approximation capability and much faster convergence rate.
1.Introduction
Microstrip antennas have gained lots of attention among telecommunication engineers and researchers especially in recent years because they have very simple installation. Furthermore ,they have a lot of advantages as being cheap ,light in terms of weight and easy to work with. As well as the abovementioned ,when they have slotted structures in various forms, they can enhance the bandwidth to such a degree that multi bands can be covered simultaneously .In addition ,radiation loss in these antennas has been reported to be much lower [1] [2] [3] [4] [5] . Obviously ,it is much preferable to take advantage of only one single multiband antenna instead of several antennas which is able to operate in different frequency bands .Reportedly ,when a slot is cut appropriately on the microstrip patch with the right dimensions ,a multiband slot antenna can be fabricated more efficiently. [1, 6] Hereupon , it is attempted to evaluate the effect of changing the position and the width of horizontal slots on the antenna characteristics especially the parameter of resonant frequency. Here ,the feed line of the antenna is fixed in order to make the analysis of the antenna much simpler .
In previous works ANNs have successfully been introduced to compute different parameters of the rectangular antennas [7] [8] [9] [10] . In [11] , the frequency in which microstrip antennas in rectangular form resonates is computed by using connectionist systems namely artificial neural networks.
2.Resonant frequency of rectangular microstrip antenna with vertical slots
A rectangular microstrip antenna is shown in Figure 1 .This microstrip antenna has a rectangular shape with the dimensions of of L and W representing length and width of the antenna respectively .There is a conducting surface acting as the ground plane which is located over a substrate with the thickness of h a relative dielectric constant . Equation (1) 
where is the effective relative dielectric constant for the patch, c is the velocity of electromagnetic waves in free space, m and n integers, and Le and We are the effective dimensions. .Reportedly, the width of the patch has direct effect on some important parameters of the antenna such as radiation pattern , radiation pattern and the frequency in which the antenna probably resonates.. The resonant frequency (2) and (3) 
L= 0.412h Figure 2 illustrates inset feed microstrip antenna with two horizontal slots. The antenna is fabricated . On FR-4 substrate , with a thickness of 1.6 mm and dielectric constant of = 4.2. Table 1 gives the values of the proposed microstrip antenna . The first thing to do is to calculate the optimum feeding line .As can be seen from Figure 3 ,the best feed line is calculated when L1=3mm. After optimizing the feed line ,the length and width of the radiating patch must be examined .Here L5 and L6 are considered to be equal .It means they have the same value but as the value of L5 is changed ,the value of L6 is varied as well to obtain the optimum length and width of the patch. Figure 4 shows S11 curves in dB versus frequency to evaluate and obtain the best results for the length and width of the proposed patch antenna. As explained before ,the two slots are placed in a vertical form on the patch .In the case of vertical slots ,they are exactly placed in the middle point of L5 and L6 .Then they are shifted from the beginning point of L5 or L6 to the endpoint of the patch in order to find the best point and optimized location .The results reveal that as the slots get closer to the right and left sides of the patch (the endpoints), a better response can be expected. Figure 5 shows the values of Xslot when -2mm≤ Xslot ≤ 2mm from which the best position is selected as Xslot=1mm s i.e. a distance of 1 mm from the right and left sides of the patch. As can be seen from Figure 6 ,with changing the length of the patch ,the resonant frequency varies imperceptibly but the bandwidth and impedance matching vary tangibly .Accordingly ,the length of feed line is selected longer owing to the existence of more resonant frequencies ,high impedance matching (little return loss) and more bandwidth.. Both L4 =9mm and 10mm , and L5= 5mm and 6mm are appropriate for the length and width of the patch because they have good bandwidths and acceptable resonant frequencies. In this work ,we selected L5 to be 4mm and L4 to be 9 mm.In the 1mm distance left to the ends of the patch vertical slots are placed and after optimization of the length of the slots ,the gain of the antenna were calculated for different lengths and widths of the slots. As the width of the slots increases, the bandwidth and impedance matching decrease. Figure 6 shows the gain of the vertically-slotted proposed antenna versus frequency based on changes in the width and the length of the slots. Table 2 gives the values of resonant frequency ,bandwidth and return loss for the proposed antenna with vertical slots on it .Resonant frequency and bandwidth are measured in GHz and return loss and gain are measured in dB. Figure 7 and 8 show S11 and gain of the proposed antenna without the slots and in the presence of vertical slots respectively.
. Table 2 In figures 7 and 8 ,S11 curves and the gain of the proposed antenna in the presence of vertical slots and without slots are illustrated respectively Figure 9 shows the radiation patterns of the proposed microstrip patch antenna with v slots at resonant frequencies of 7.3GHz ,12.5GHz ,17.4GHz and 19.2 GHz for E-and H-plane including both copolarization and cross-polarization. It can be seen that the radiation patterns are nearly omnidirectional in most of the frequencies mentioned above. 
3.Adaptive neuro-fuzzy inference system (ANFIS)
Basically a fuzzy inference system is composed of five functional blocks (see Figure10) . The main contribution of this system can be attributed to computation of some data both in granular and imprecise form. Here, membership functions are employed to compute numerically small and big datasets. Fuzzy inference system (FIS) originates form the principles pertaining to fuzzy sets , fuzzy if-then rules and fuzzy reasoning. Fuzzy inference system can be strongly used to classify data if necessary . Whenever , the inputs and outputs of a fuzzy system are determined by variables ,the following steps ought to be done successively . The first step which is called fuzzification which indicates expressing variables in the form of fuzzy and then calculating their dependence in the fuzzy set. As the membership function can take numerous shapes ,the ones in a smooth shape can be more efficient. After that ,the level of statement is appraised and some algebraic operators are used to approximate classification task .Activation is the next step in order to calculate the activations of the rules applied in the system .Finally all the output activations are connected to each other and this step is called accumulation. [12] [13] Figure 11 .below illustrates S11 curves for the whole possible situations Since the antenna resonates in more than one frequency ,it is necessary that an appropriate algorithm to detect the resonant frequencies be selected .Experimentally ,artificial neural networks are unable to diagnose the frequencies . As ,in many cases the resonant frequencies are very similar or close to each other . samples and the training was performed in 220 epochs. The ANFIS is able to do simulation and analyses of existing relationship between the input and output data through a hybrid learning.The next step is to identify optimal parameters of the presumed FIS. Commonly ,measurement and simulation are considered as two ways of generating data which can be used in antennas. . Here , the data were obtained through simulation results using HFSS because it is practically impossible to design and fabricate the whole antennas mentioned earlier. 
output input
As can be seen in figure 12 .this algorithm can determine the resonant frequencies with high precision and the average testing error calculated was 1.4653 . Figure 13 obtained by curve fitting shows the difference between original and ANFIS outputs which is not very remarkable .
ANFIS training process flowchart is shown in Figure 12 . Load training data
5.Conclusion
Microstrip patch antennas are versatile structures which can be modified by adding simple slots both vertically or horizontally in the design structure to overcome selected limitations of conventional patch antennas. The antenna can provide improved bandwidth enhancement, under certain conditions, while maintaining many of the desirable features of conventional patches. However, it is difficult to determine or predict resonant frequencies and bandwidths especially when the changes in terms of position of slots and the widths of slots are relatively small. The paper concludes that results obtained using Adaptive-network-based fuzzy inference system(ANFIS)technique are quite satisfactory and far outweigh some algorithms such as ANN , SVM and RVM as they will not be able to distinguish the variations easily .
